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PreviewsNonpeptidergic Circuits
Feel Your Pain
Pain consists of both a sensory component and an
affective component. In this issue of Neuron, Braz
and colleagues genetically targeted the transneuronal
tract tracer wheat germ agglutinin (WGA) to nonpep-
tidergic nociceptive neurons. They found that these
neurons give rise to a specialized multisynaptic cir-
cuit that links pain signals in the periphery to limbic/
affective regions of the brain.
As anyone who has suffered from an excruciating injury
or headache knows, your brain perceives the intensity,
location, and discomfort level of a painful stimulus and
uses this information to motivate behavior and mini-
mize further suffering. Neurons that sense painful so-
matosensory stimuli are called nociceptive neurons and
are located in the dorsal root ganglia and trigeminal
ganglia. Almost all mammalian nociceptive neurons can
be divided into two molecularly and anatomically dis-
tinct groups: the so-called peptidergic and nonpeptid-
ergic subgroups. Many of these neurons respond to
noxious thermal, mechanical, and chemical stimuli.
Peptidergic neurons contain neuropeptides, like Sub-
stance P and CGRP, and depend on NGF signaling for
their survival. In contrast, nonpeptidergic neurons bind
the plant lectin IB4, express the ATP-gated ion channel
P2X3, and depend on GDNF signaling for their survival.
In addition, these two pain pathways are topographi-
cally segregated in the epidermis and in the spinal cord,
with peptidergic neurons projecting to spinal laminae I
and IIouter and nonpeptidergic neurons projecting to a
region of lamina IIinner (Figure 1) (Hunt and Mantyh,
2001; Zylka et al., 2005). These striking molecular and
anatomical differences suggest that peptidergic and
nonpeptidergic pain circuits might have unique func-
tions and central connectivity.
In this issue of Neuron, Basbaum’s lab used a power-
ful genetic approach to determine precisely how non-
peptidergic nociceptive neurons connect with pain-
related brain regions (Braz et al., 2005). To do this, they
crossed sodium channel 1.8 (Nav1.8)-CRE knockin
mice, which express CRE only in sensory neurons, with
their CRE-dependent WGA transgenic mouse line
(WGA is a transneuronal tracer that labels synaptically
connected neurons). Since Nav1.8-CRE is expressed in
almost all nociceptive neurons, they were surprised to
find that a majority (75%–80%) of the neurons that ex-
pressed WGA were nonpeptidergic. This expression
bias was likely caused by position effects that re-
stricted expression of the CRE-dependent WGA trans-
gene, in combination with the specificity of the Nav1.8
promoter. This bias gave them unprecedented molecu-
lar access to nonpeptidergic nociceptive circuits and
permitted them to track the anterograde transneuronal
spread of WGA into the spinal cord. In spinal cord sec-
tions, they saw very dense WGA labeling within axonsterminating in lamina II (also called the substantia gela-
tinosa)—precisely the location where nonpeptidergic
neurons are known to terminate centrally (Hunt and
Mantyh, 2001). Upon closer examination, they ob-
served large amounts of WGA protein in the cell bodies
of lamina II interneurons, thus marking the immediate
postsynaptic targets of nonpeptidergic neurons. Post-
synaptic transfer was undoubtedly facilitated by the
fact that there was sustained, high-level expression of
WGA from a multicopy CRE-dependent transgene (driven
by the strong chicken β-actin promoter), as well as
massive axonal convergence onto lamina II.
In addition, Braz and colleagues observed WGA pro-
tein within a large number of lamina V neurons and a
few lamina I neurons in the spinal cord. Since these
laminae contain projection neurons that transmit infor-
mation to all pain-related brain regions, including mid-
brain, thalamus, and limbic regions, they next wanted
to determine whether nonpeptidergic neurons utilize
either of these relays to the brain (Gauriau and Bernard,
2002; Willis and Westlund, 1997). To answer this ques-
tion, they noted that intense WGA labeling was found in
lamina V neurons, but not lamina I neurons. Moreover,
lamina V neurons were stained only after lamina II inter-
neurons were heavily labeled by WGA. From these
data, they concluded that the nonpeptidergic pain cir-
cuit was routed to the brain via the ventral, lamina V
route. However, as the authors conceded, the lamina V
neuron staining could also reflect direct transneuronal
transfer from a contingent of WGA+, thinly myelinated
(Aδ; N52+) neurons (Aδ fibers send direct projections to
laminae I and V). These ambiguities could be resolved
in the future by using additional mice that express CRE
recombinase exclusively within nonpeptidergic neu-
rons and by providing temporal control over WGA ex-
pression with ligand-inducible CRE recombinase.
Although lamina II neurons were intensely labeled by
WGA, it was somewhat surprising that Braz and col-
leagues did not observe large quantities of WGA pro-
tein in lamina I neurons. Lamina II neurons project
directly to lamina I, based on morphological, electro-
physiological, and viral tract tracer data (Jasmin et al.,
1997; Lu and Perl, 2005). Why was this lamina II to lam-
ina I connection not detected? Perhaps this connection
represents an anatomically and molecularly distinct
module, which interfaces only with peptidergic noci-
ceptive neurons. After all, peptidergic neurons also pro-
ject to lamina II (via IIouter), and, along with Braz et al.’s
present findings, there is growing evidence that the
dorsal horn of the spinal cord contains functionally dis-
tinct modules (Lu and Perl, 2005). It is also important
to point out that WGA was not found within protein ki-
nase Cγ (PKCγ+) interneurons of lamina IIinner. This find-
ing casts doubt upon the widely held assumption that
nonpeptidergic neurons innervate PKCγ+ neurons (Malm-
berg et al., 1997). And this observation could have major
implications for neuropathic pain models that incorpo-
rate data on nonpeptidergic and PKCγ neurons.
Braz and colleagues next looked carefully throughout
the brain to determine whether WGA protein was trans-
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772Figure 1. Pain Circuits Converge on Limbic Regions of the Brain
Nonpeptidergic nociceptive neurons (green) project to limbic re-
gions of the brain via a multisynaptic circuit that includes neurons
within laminae II and V of the spinal cord. PKCγ+ interneurons (blue
circles) are bypassed. Peptidergic nociceptive neurons (red) com-
municate with some of the same limbic regions, via neurons in lam-
ina I and the parabrachial nucleus (Gauriau and Bernard, 2002; Jas-
min et al., 1997). Subdivisions of lamina II are indicated as IIo(outer),
IIi(inner), and IIm(middle)—a possible subdivision of IIi in the mouse
(Zylka et al., 2005). VMH, ventromedial nucleus of the hypothala-
mus; BNST, bed nucleus of the stria terminalis; Amg, amygdala.
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gported to higher brain regions. Surprisingly, they found
that WGA reproducibly labeled regions with motor and
affective functions—specifically neurons in a discrete
but poorly studied region of the globus pallidus, and
limbic regions including the amygdala, ventromedial
nucleus of the hypothalamus (VMH), and bed nucleus
of the stria terminalis (BNST) (Figure 1). No other pain-
related brain regions were innervated, including the
parabrachial nucleus and the thalamus—two major tar-
gets of ascending nociceptive input from lamina I. The
absence of labeling in thalamus suggested that non-
peptidergic circuits were not important for sensory-
discriminative aspects of pain (ex. where is the pain
stimulus located, is the stimulus mechanical or ther-
mal). Instead, nonpeptidergic neurons may be more im-
portant for conveying the motivational/affective dimen-
sions of pain (ex. how unpleasant is the pain) to the
brain. It is also important to point out that, prior to this
study, the prevailing view was that lamina II did not pro-
vide substantial supraspinal projections (Gauriau and
Bernard, 2002). Clearly this is not the case. Finally, at a
technical level, it was impressive that the transgenic
approach used by Braz and colleagues was so effective
in labeling pain circuitry, up to fourth-order neurons!
The connections that Braz and colleagues observed
to affective regions of the brain are intriguing, particu-
larly when considering that peptidergic-lamina I pain
pathways also project to amygdala, VMH, and BNST
via the parabrachial nucleus (Figure 1) (Gauriau and
Bernard, 2002). This hints that there may be parallel
pain inputs to brain regions that process affect and
emotion. Admittedly, we still do not know whether
these two pain pathways converge onto the same sub-
regions (such as the central nucleus of amygdala), let
alone whether they converge onto the same neurons.
However, if these two pain pathways interact in the
brain, they could represent interlocking circuits with
feedbacks to the spinal cord. In turn, the function of
these circuits might be to maintain homeostasis by mo-
tivating behaviors that reduce an organism’s exposure
to painful stimuli (Craig, 2003). Interestingly, in a recent
paper from Caterina’s lab, it was found that P2X3
knockout mice displayed enhanced thermal avoidance
in a temperature gradient (Shimizu et al., 2005). Since
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D2X3 is expressed only in nonpeptidergic neurons, and
TP excites these neurons by opening the P2X3 ion
hannel, elimination of P2X3 could change the balance
f activity within limbic regions of the brain. Altered out-
ut from these limbic regions could “motivate” P2X3
utant mice to more quickly seek out an optimal ther-
al environment. Alternatively, ATP-sensing by non-
eptidergic neurons could regulate thermal avoidance
y a mechanism related to motor function, such as by
odulating neurons in the globus pallidus. In keeping
ith this theme, pain-related activation of VMH could
ate contextually appropriate appetitive, reproductive,
r defensive behaviors (Choi et al., 2005; Gauriau and
ernard, 2002). In affective terms, VMH activation could
otivate attraction to pleasurable stimuli or aversion
o painful sensory stimuli. Ultimately, additional genetic
nd circuit-based experiments will be needed to deter-
ine precisely how these peptidergic and nonpeptider-
ic pain circuits impact somatosensory and affective
ehaviors.
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